An experimental study to compare the influence of different B20 biodiesel blends on combustion of 3.7 kW, single cylinder, direct injection Diesel engine is attempted. Sunflower, palm and karanja biodiesel are chosen for this study. The study is conducted at two load conditions. The combustion parameters such as start of combustion, heat release rate, pressure rise rate, mass fraction burnt etc., are estimated from the cylinder gas pressure profile. From the analysis of the experimental results, it is found that all the three B20 biodiesel blends has similar combustion characteristics, in spite of the differences in their fatty acid composition, physical properties, and chemical properties. Furthermore, the performance of the engine operated with B20 biodiesel fuels are on par with diesel fuel.
Introduction
Biodiesel is the methyl or ethyl esters of vegetable oil fatty acids. Compared with petroleum diesel, biodiesel possesses several positive features such as minimal sulphur, higher flash point, higher lubricity, higher cetane number, carbon neutral, and renewable. On the other hand, it has higher viscosity, higher pour point, lesser calorific value, lesser volatility, and lesser oxidation stability. In addition, biodiesel causes degradation of seals, hoses, and coatings.
Blending biodiesel and diesel reduces the negative effects of biodiesel.
The performa nce, combustion, a nd emission characteristics of the Diesel engine are means to assess the suitability of biodiesel/biodiesel blends for Diesel engines.
Combustion study deals with analysis of cylinder gas pressure, heat release rate, ignition delay, rate of pressure rise, mass burnt fraction etc. The diesel combustion consists of four distinct phases. The first phase is the ignition delay; it is the time interval between the fuel injection and start of fuel combustion. Ignition delay consists of physical delay and chemical delay; and both occurs simultaneously 1) . Physical delay is due to atomization, vaporization, and mixing of fuel with air, whereas chemical delay is due to the precombustion reaction of the fuel-air mixture. The second phase is the premixed combustion phase. In this phase, part of fuel injected during ignition delay period, mixes with air within flammability limits, and undergoes rapid combustion.
Pressure rise rate and heat release rate are higher during premixed combustion phase.
The third phase is the controlled combustion phase.
During this phase, the fuel-air mixing process controls the combustion. The final phase of combustion is the late combustion phase, during which heat release continues well in to the expansion stroke 2) .
The length of ignition delay has effect on the premixed combustion phase. Longer ignition delay results in more fuel available for premixed combustion phase, thus leading to higher cylinder gas pressure and higher pressure rise rate. High cylinder gas pressure induces mechanical stress on the engine components, especially on journal bearing, crank pins, gudgeon pins. Furthermore, higher the pressure rise rate, higher is the vibration of the engine and noise produced.
Combustion process influences the performance and exhaust emission characteristics of Diesel engine. Therefore, it is necessary to study the combustion parameters of Diesel engine operated with a particular biodiesel blend. Rakopoulus 3) evaluated the effect of B10 and B20 blends of sunflower biodiesel on combustion of turbocharged, direct injection (DI) Diesel engine. Canakci 4) studied the combustion characteristics of B20 and B100 blends of soybean biodiesel diesel. He found that at lower engine loads, the peak cylinder pressure, the peak rate of pressure rise and peak heat release rate are slightly higher for biodiesel and at higher engine loads, the peak cylinder pressure for the both the fuel are same, but the peak rate of pressure rise and peak heat release rate are lower for biodiesel. Sahoo and Das 6) studied the combustion of B20, B50, and B100 blends of jatropha, karanja, and polanga in a single cylinder, DI Diesel engine. They reported that B100 polanga biodiesel is an optimal fuel as far as cylinder peak pressure is concerned. Furthermore, they observed that the ignition delay is consistently lower for B100 blends at different loads.
Ozsezen et al. 7) investigated the combustion characteristics of a six cylinder, DI diesel engine operated with waste palm oil biodiesel and canola oil biodiesel. They observed slightly advanced start of combustion and shorter ignition delay for biodiesels compared to diesel fuel. Rao et al. 8) analyzed the combustion characteristics of DI diesel engine fueled with jatropha biodiesel, diesel, and blends of jatropha biodiesel and diesel. Their experiment results show that the ignition delay, maximum heat release rate, and combustion duration are lower for jatropha biodiesel and its blends compared to petroleum diesel. Buyukkaya 9) investigated the performance, emission, and combustion characteristics of diesel engine using B5, B20, B70, and B100 rapeseed oil biodiesel blends. They found that the ignition delay was shorter for neat rapeseed biodiesel and its blends. Lin et al. 10) carried out experimental studies on DI diesel engine with biodiesels produced from eight different vegetable oils. .
Experimental Methods

Production and characterization of biodiesel
The sunflower oil and palm oil are purchased from retail outlet. The Karanja (Pongamia pinnata) oil is extracted using a mechanical expeller from karanja seeds. The crude karanja oil is degummed in a centrifuge machine to remove water-soluble phospholipids. The free fatty acid composition of degummed karanja oil is 16%.
Biodiesels are produced through transesterification reaction from palm, sunflower, and karanja oil. In case of karanja biodiesel production, pre-treatment of oil is done before transesterification as suggested by Thiruvengadaravi et al. Pvt. Ltd., Kolkatta. The calorimeter is standardized using benzoic acid before measuring the calorific value of the fuel.
The properties of biodiesels are given in Table 2 .
Experimental setup and procedure
Single cylinder, stationary, DI diesel engine, interfaced with computer through data acquisition system is used for the experiment. The schematic setup of the experiment is as shown in the Fig. 4 . The specifications The specifications of the pressure sensor are given in Table   4 . The crank angle is measured using the crank angle encoder. Airflow is measured using airflow sensor. The fuel consumption measurement system is made up of a burette fitted with two optical sensors. K type thermocouple is used to measure the temperature of engine exhaust. Emission 
Estimation of combustion parameters
A tool using Microsoft TM excel spread sheet is developed to calculate the heat release based on the procedure given by Goering 19) , and is described below. The apparent heat release rate in internal combustion engine is given by the equation (1).
(1 with respect to crank angle degrees are calculated from the cylinder pressure and volume data. The cylinder gas temperature at a particular crank angle is calculated using ideal gas law given as in equation (2). The value of ratio of specific heat (γ) varies with cylinder gas temperature. The value of γ is calculated from the equation (3) and (4) 20) .
Where the value of Cp/Rg is calculated from the equation (4) 
Where Cp = specific heat of the gas at constant pressure (J kg The crank angle after injection at which the second derivative of pressure rise rate becomes positive, is considered as start of combustion. The end of combustion is taken as the crank angle at which cumulative heat is release is 90%. Mass fraction burned is estimated using the Rassweiler-Withrow method.
Results and Discussion
The variation of the combustion parameters, such as performance parameters for the fuels tested at no load and full load conditions are given in the Tables 5 and 6 .
In this work, ignition delay is calculated as the crank angle difference between the start of combustion and the fuel injection. From Tables 5 and 6 , it is inferred that all the three B20 biodiesel blends has similar ignition delay as that of diesel fuel at both load conditions. For B20 biodiesel blends and diesel fuel, the difference in ignition delay between no load and full load condition is about two crank angle degrees. Higher charge temperature due to higher residual gas temperature and higher wall temperature could be attributed to the lesser ignition delay of test fuels at full load condition 2)
. For B20 biodiesel blends and diesel, the peak CGP and crank angle at which peak CGP occurs are similar for both load conditions. For all the fuel tested, fuel consumption at full load condition is greater than that of at no load condition as shown in Tables 5 and 6 , which means that more amount of fuel is burned, and hence, more heat energy is released at full load than at no load condition.
Due to higher amount of heat released, peak cylinder
pressure is higher for all tested fuels at full load than at no load. Furthermore, for all tested fuels, combustion duration at full load is greater than no load condition because more amount of fuel under goes combustion at full load. At no load, during initial part of combustion, the mass fraction burned (MFB) for the B20 sunflower biodiesel blend is slightly higher than that of diesel, whereas MFB for B20 karanja biodiesel blend is slightly lower than that of diesel.
At full load, for all B20 blends the mass burned fraction is similar to diesel. From Fig. 5 , we could observe that at no load condition, heat release for B20 sunflower biodiesel blend starts slightly earlier than other tested fuels. At full load condition, the HRR profile of all the test fuels is similar.
Another observation is that the exhaust gas temperature of the B20 karanja biodiesel blend is slightly lower than other fuels tested.
CO and NOX emission at both loads for the B20 biodiesel blends are similar to diesel, except slightly lower NOX emission for B20 sunflower biodiesel blend at full load condition.
The specific fuel consumption and brake thermal efficiency of B20 biodiesel blends are on par with diesel.
From the combustion, performance, and emission analysis we see that effect of B20 blends on diesel engine is practically negligible.
Conclusion
Sunflower, palm and karanja biodiesel are produced blends and diesel. The specific fuel consumption and brake thermal efficiency of B20 biodiesel blends are comparable with diesel. We conclude that the B20 blends of palm, sunflower and karanja biodiesel are good substitutes for Diesel fuel.
